Horizontal transfer of plasmids plays a pivotal role in the dissemination of antibiotic 28 resistance genes and emergence of multidrug-resistant bacteria. Sequencing of plasmids 29 is thus paramount for the success of accurate epidemiological tracking strategies in the 30 hospital setting and routine surveillance. Here, we combine Nanopore and Illumina 31 sequencing to fully assemble a carbapenemase-encoding megaplasmid carried by a 32 clinical isolate belonging to a putative novel Pseudomonas species. FFUP_PS_41 has a 33 multidrug resistance phenotype and was initially identified as Pseudomonas putida, but 34 an average nucleotide identity below the cut-off for species delineation suggests a new 35 species related to the P. putida phylogenetic group. FFUP_PS_41 harbors a 498,516-bp 36 untypable megaplasmid (pJBCL41) with low similarity compared with publicly 37 available plasmids. pJBCL41 contains a full set of genes for self-transmission and genes 38 predicted to be responsible for plasmid replication, partitioning, maintenance and heavy 39 metal resistance. pJBCL41 carries a class 1 integron with the |aacA7|bla VIM-2 |aacA4| 40 cassette array (In103) located within a defective Tn402-like transposon that forms part 41 of a 50,273-bp mosaic region bound by 38-bp inverted repeats typical of the Tn3 family 42 and flanked by 5-bp direct repeats. This region is composed of different elements, 43 including additional transposon fragments, five insertion sequences and a Tn3-Derived 44
Introduction 52
Bacteria can become resistant to antibiotics through chromosomal mutations and by the 53 acquisition of resistance genes carried on mobile genetic elements, including plasmids 54 and integrative and conjugative elements [1] . Plasmids are autonomous self-replicating 55 elements that drive the horizontal transfer (HGT) of antibiotic resistance genes from cell 56 to cell by conjugation [2] [3] [4] [5] . The mobility of a plasmid depends on the set of genes that 57 it carries, and these extrachromosomal elements may be conjugative, mobilizable or 58 non-transmissible [2, 3] . Conjugative plasmids carry all the machinery necessary for 59 self-propagation: i) a relaxase, a key protein in conjugation; ii) an origin of transfer 60 (oriT); iii) a set of genes encoding for the type-IV secretion system (T4SS); and iv) a 61 gene encoding a type-IV coupling protein (T4CP) [2, 3] . Mobilizable plasmids lack the 62 complete set of genes encoding the T4SS and may use the conjugative apparatus of a 63 helper plasmid present in the cell to be successfully transferred. Conjugative plasmids 64 tend to be low copy number and large, whereas mobilizable plasmids are frequently 65 high copy number and smaller (<30 kb) [2, 3] . The term megaplasmids [6] has been 66 used for very large replicons (>350 kb) which, in contrast to chromids [7], do not carry 67 essential core genes. Megaplasmids frequently have mosaic structures, carrying genetic 68 modules that originate from different ancestral sources [8] . The formation of mosaic 69 plasmids may be influenced by several factors, such as the abundance of conjugative 70 plasmids and transposons, selection pressures, incompatibility groups and the host's 71 tolerance of foreign DNA. According to the plasmid hypothesis, megaplasmids are the 72 evolutionary precursors of chromids, due to the amelioration of genomic signatures to 73 those of the chromosomal partner and the acquisition of essential genes [7] . 74
To date, fourteen incompatibility groups (IncP-1 to IncP-14) have been characterized 75 amongst Pseudomonas plasmids [9, 10] . Narrow host range plasmids comprise IncP 76 types -2, -5, -7, -10, -12 and -13 and cannot be transferred into Escherichia coli. In 77 contrast, other groups display a broad host range, as they are also included in the typing 78 scheme for Enterobacteriaceae plasmids: IncP-1 (IncP), IncP-4 (IncQ) and IncP-6 79 (IncG) [9, 10] . Unlike Enterobacteriaceae plasmids, no replicon-based PCR typing of 80
Pseudomonas plasmids has been created yet. 81
Plasmids may harbor accessory module(s) that provide adaptive advantage(s) for their 82 host, such as virulence-encoding factors and antibiotic resistance genes [9, [11] [12] [13] . 83
Sequencing of plasmids is thus paramount to the success of accurate epidemiological 84 tracking strategy in the hospital setting and routine surveillance, helping to identify 85 transmission routes and to prevent future outbreaks [14] [15] [16] [17] [18] [19] . The advent of WGS has 86 enabled the in silico analysis of a wide array of plasmids, most of them from assembly 87 of short-read sequencing data [20-24]. However, fully resolving plasmids with short-88 read sequencing technologies remains challenging due to the presence of numerous long 89 repeated regions [25] , and currently the most accurate approach to assemble these 90 plasmids is to use a combination of short-read and long-read methods [14-19, 26, 27] 
Comparative Megaplasmidomics Between pJBCL41 and Related Pseudomonas 149
Plasmids 150
Using a hybrid assembly approach, we were able to fully resolve a mosaic megaplasmid 151 (named pJBCL41) carried by Pseudomonas sp. FFUP_PS_41 (Figure S1 ). pJBCL41 is 152 498,516 bp and a total of 608 predicted CDS were annotated (Figure 1) . It has an 153 average GC content of 56.0%, which is lower than that observed for the chromosome 154 (62.6%) and the mean content for strains identified as P. putida (62.0%, according to 155 information retrieved on the 08/03/2019 on 156 https://www.ezbiocloud.net/taxon?tn=Pseudomonas%20putida). 157 NCBI's CDD calls 42.1% (256) of the predicted CDS for pJBCL41 (Table S1), 158
indicating that most genes encode proteins of unknown function. The backbone of this 159 megaplasmid harbours genes predicted to be responsible for plasmid replication, heavy 160 metal resistance and carries two predicted type-II toxin-antitoxin (TA) systems and 161 genes encoding for partition systems (Figure 1 Two replication proteins could be identified here. One replicase gene is located at 182 458,679 bp on the plasmid and is close to predicted the origin of replication ( Figure  183 S3). pJBCL41 is estimated to be present as a single copy, from read coverage vs. the 184 chromosome. Like many megaplasmids, pJBCL41 appears to possess a full set of genes 185
for self-transmission [2, 3]. We identified a cluster of genes encoding an F-type T4SS, 186 encompassing i) a gene encoding a TraD homolog, an AAA+ ATPase of the pfamVirD4 187 type, known as the T4CP and which is a key protein in conjugation; ii) a gene encoding 188 a TraI relaxase homolog, which together with accessory proteins is responsible for 189 cleaving the plasmid in a site-specific manner to initiate DNA transfer and iii) a set of 190 genes (traEFGKNV homologues) coding for the mating pair formation system 191 responsible for pilus assembly and retraction (Figure 1) (Figures 1 and 3) . 244
Discussion 245
In this study, we took advantage of a hybrid assembly approach to fully resolve and 246 characterize a carbapenemase-encoding megaplasmid and to compare it with related 247
Pseudomonas megaplasmids. The lower GC content of pJBCL41 compared with the 248 FFUP_PS_41 chromosome and strains identified as P. putida may be related to a more 249 relaxed selection acting on these secondary replicons, as the maintenance of GC-rich 250 genomes is energetically more demanding [57, 58] . Ongoing studies will help to 251 characterize the biology and genomic signatures related to this new putative 252
Pseudomonas species (Botelho et al, unpublished data) . represented by flags. The fragment annotated as "TnAs1-like" is ~97% identical to a 518 region in common between Tn1721 (GenBank accession no. X61367.1) and TnAs1 in 519
ISfinder. The fragment annotated as "TnAs2-like" is ~94% identical to TnAs2 in 520
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